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STUBIES on the TOXICITY and TERATOGEWICETY
of TARTARIC ACID

SUMMARY and COMCLUSIONS

Dose levels of § mg/ky and above ware toxic to %6 hr chicken
embrycs when adminTstered within the air ce!l or yolk under the conditions
of these studies, LD-50 estimates from the mortality data [ndicated valuves
of 2B.5 mg/kg for the alr cell<96 hr protocol, while a value of 133.5 mg# kg
was obtalned for the yalk-96 hr series. Statistical svaluations of the
gecurrance of abnormalities rasulting Frﬁm tartaric acid administration

fafled to indicate that this substance was teratogenic.

e e

T P, T e e e A E—— . e



~2a

GENERAL PHROCEDURES

The protocels as specified under FDA Contract §72-345 were followed
in the investigation of toxicity and potentiml teratogemicity of the
specafied substance. The toxicity of the substamce was evaluated from
the percentage hatch of embryos injected either in the air cell or yolk
at cither terg hours {piﬂi-in:uhatinn} ar after 96 hours imcubation to
provide Four separate ovaluations.

[GG_SOURCE AND IANDLING

A1) epps used in these investigations were from Shaver Starcross
pullets housed st the Poultry Rescarch Center of the University of Arizona
in Tucson. The parent stock was maintained om the University of Arizona
brecder diet which had been formulated to provide more than adequate
amounts of all the kpown nutrients required by the breeding hen.

Ihe feed was spectally prepared to assure nQ contamirations and did
not contain any additive drugs such 2s antibiotics. All eggs prior to
usc {within 48 hours of lay]) were candled to resove any containing hlaod
spot+, almorml air cells or abnormad shells, and only clean epys

:
ranping in weight from 23 - 26 ouncos per doten were used.

The supply flock was tested te assure the absence of Pullorum and
Mfcuplasma gallisepticum.

The eggs were incubated in forced draft Jamesway 252 machines with
automatic temperature and humidity controls and an sutomatic rurning
device,

COMPOUND IIANDILING FOR INJECTION

The substance tested was solebilized in 8 number of the prescribed
sulvents In order to determine the maximum concentrations which could be

captoyed. Whore possible, water was the solvent of chedce. Max imum




injection wolume was 0.05 wi. and alt solvents and glassware were
autociaved prior to preparation of the solutions for use. The dose
levels were administered with a microliter syringe using sterilized
neodles.

The preliminery range-finding =studies using each of the administration
routes and times weres carried out with 10 - 25 eggs per dosze level! and
included solvent contrels, untreated controls apd either drillaed or
pierced controls.

The wctual dose-response protocol was carricd out in twe or more
injsctinns on different days to produce a minimum of 100 eggs at cach
dose level in five aor more levels selected from the range- Fimding studies,

CRAMINATIONS OF EMBRYOS AND CHICKS

Eggs were candled daily and the decad embryos removed, oxamined and
any abnprmalities recorded. Five chicks from each dose level in each
hatch were i-rayed to determine any skeoletal abnotmalities. Additional
eggs injected ar the approximate LD-50 level and an additional level
Irglow that were incubated and embryos at &, 14, 17 days and hatch
chicks removed for histopatholegical examinations.

In additional studies representative chicks from the duse-respnnsﬁ
protecol were saved. These chicks were housed in electrically-hoated
bnttery hrooders with raised wire floors and fed University of Arizona
dicts., Feed consumption and growth rates were evaluated at & weeks of age
and a sample of the birtds sacrifived for gross amd histopathological

cauminations.
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DATA HANDLING

All data were coded on forms provided by FDA for cokputer input.
Ir addition to susmaries of mortalities and abnormalities, a number of
statistical evaluwations were carried out, These statistical analyses
included the following for both mortality and the incidence of abnormal
cmbryos ;
1. Chi-square tests fu? 2]) dose levels and for each level
against the solvent control,
2. Linear regression analyses + chi square test of linearity.
4. % responSe against dose
b. % response against log doso
c. log % response apainst dose
d., arcsin transformation apainst dose
&, arcein transformation ggainst log dosc
3. Llog dose against Probit using Finney's maxioum likelihood
method .
&, Where significant, the LD-30, %50, ?ﬁ aﬁd ad's uerﬁ estimated
with 95% confidence intervals.
4. One-way analyses of variance.

3. Linear regression with replication.
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Tartaric Acid [71-55) was solublized in water to produce a maximum
concentration of 200 mg/ml for use Tn the four test protocels. A

max [mum dose of 200 mgfkg [10 mg/agg) was used.

MORTALTY

Mortality data for the four test protocols are shown in Tables
T - 4% Mawlmum mortality of 856.22% was cbtained with the 200 mg/kg
dose Tevel ypen air cell administration at 96 hrs. Tartarfc acid was
found to be texic to 36 hr embryos when injections were carried
cut prior to incubstion {Table 5). Chl-square analyses of mortality
data indicate that & mg/kg produced significant increases [n smbryo
mortality employing the 96 hour inJection time with either air cell or
yolk adminTstration routes. Only the highest dose Fevel {200 mg/kg)
Ingreased embryc mortality when injected prior to [ngubation in the air
cell. Tartaric acld was appﬂrent]yiﬁei1 tolerated by the yolk administra-
tTon route at 0 hres {Takle 5}.

LD-50 estimatés For the 96 hr injection times, using sither air
cell or yolk administretion suggest that the alr anll route was more
toxic than when yolk administration was employed (Table &}. These
results phtained from the probit analyses program indicate a; LO-50
value for air cel!-98 hrs of 28.5 mglky, while the valus For yolk

administration = 98 he, was 133.4 maskg (Table A).

TERATOLOGY
The data on cccurrence of abnormal embryos and those showing H-5-¥-L
abnormalities are enumerated In Tahtas | - &,

Statistical evaluations of these data employing chi=square analyses

falled to demonstrate a signiflcant [ncrease In the incidence of
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abnormal{tims In assgcistion with any of the dose levels smpioyed In any
of the four test protocols (Tables 7 & 9}, Probit analyses of these
data also Indicsced a pon-sigrificant linear relaticnship batween Pog
dose and probit of sbrmrmality incidence (Table 8). Indlvidual findings
are raported in Table 10.

The results of these Studies [ndicate that tartaric acid was hot
teratogenic in chicken embryos at the dose levets emplayed in these

studles.
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TABLE |

TARTARIGC ACID
in WATER
AlR CELL = O HRS

Abnormalities by category
Abnormal Struc- Toxie
Dase, Na. Mortalicy Tota! H-5-V-L Head Skeletz! | Yiscera L [mbs tural Response |Functional
ppm | Fartlle r 4 7 % # A Hol% # % # % # i # | % #1 % b % #
200.0 13i% 17,41 52 2,158 3 2] 3l H 0.1 ! 0.71 1 ot i
Bo, o 101 2. 77 023 4297 3. . 1496 Lliroea s L of 2
ho.p 74 18.98 15 2.5 =z 0.00 0 1.26 | 1,26 1
B.o 100 13,60 13 1.00 1 u.oo o 1.00 1
R W, 126 19.8% 25 [3.96 5 1 3.17 u|3.17 b 0.79 |
5.0 142 12.67 18 2.1 1 0.00 © 0.70 1 1.40 2
[
E
drilled 4D 22.50 ) 0.00 0§ .00 0O
untreated 123 t2.69 i} 0,92 3 0.30 1 ]9.30 1 0.32. 1 Q.30 |
‘ SUMMARY - ALL DOSE LEVELS
1 5hs5 23.4%9 128 2.57 14 2.02 11 11.28 7 0.5 3| 018 1| 0.37 2 0.55 3
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TABLE 2

TARTARIL ACID
In WATER
AIR CELL - 956 HRS

Abnormal [{ies by categary
Abnormal Struc~ Toxic
Dose, No. Mortality Total H-5-¥-L Head Skeletal ! Viscera Limbs tural Response |Functional
ppm | Fertile ¥ B lx # 0%  #fe 4 1w oa oix ¥ |lx o #l% #l L ¥ 1% i
2000 167 gs.22 144 c.59 t 0.59 || 0.59 1
Bl o 169 6B.83 M6 | 1.77 3 1.77 3|59 1 .18 2
4.0 196 &4%.79 127 1.53 3 1,53 311.02 2 Q.51
8.0 164 39.02 B4 1.82 3 .00 q 1.2t 2 n.&a0 |
k.o 129 22.48 29 | 3.10 & 1.55 2 0.77 .77 ti Q.77 _i.55 2
0.0 162 15.43 5 | 0.1 | g.61 0.81
drilled o 14.28 1% 2,04 2 0.00 0 2,06 2
luntreated| 323 12.69 4 lo0.92 3 | 0.30 ! ]o.30 1 .30 1| po3n i
SUMHARY - ALL DOSE LEVELS
8z5 SH_18 LTt 1.70 14 .09 9 {0,468 4 0.2% 0.36 3% 0.3 3 a.1x 1 0.24 2
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TABLE 3
TARTARIC ACID
in WATER
YOLK - O HRS
Abnormal ities by category
Ahnormal Struc- Toxic
Gose, Ha. Mortatiry Totat H-5%=¥~-L He ad Skefetal Yiccera Limbs tural Response |Functlonal
ppm | Fercile % H % # % ¥ 1% X # A i h AL [ I 4 # % 4
1

200.0 (L] §2.55 an 1.69 3 2.1z 4l 1.06 2 1.06 7

125.0Q i5 £2.85% 22 n.00 o .00 ]

B3.0 188 of. 00 gk 0.5% | 0.53 1]0.53 1

46,0 188 4574 86 |1.59 3 it.06 2 1.06 2 0.53 1
8.0 187 Lz, 05 88 .06 2 [ 0,53 1 0.55 1 0.53 1
h.o 188 by, B8 B4 g.00 ¢ |0.00 O

6.0 2zl Lh,79 99 .00 0 {0.00 @
plarced| 134 45,69 Bs 0.53 1 |0.57 | 9.53 1

.iuntreated 1% f2.69 4 0.92 1 0.30 i | 6.30 | 0,30 1 Q.30 1
SUMMARY - ALL DOSE LEVELS
974 k6,61 45k 0.92 9 |o.82 8031 3 06.51 & 0.21 2
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TABLE &

TARTERILC ACID

in WATER
YOLK - 9& HRS
Abnarmal ities by category ]
Abnarmal Struc- Toxic
bose, Ho. Mortality Taotal H-5-¥-L Head Skeletal Yiscera Limbs tural Retponse |Functiconal
apr | Fertile % i * # % il I it KA # 1% # & ¥ 1% Ll L % 4
200,90 88 67.04 59 1.13 1 0.00 0 1.13 1
80.0 87 k.02 N7 0.00 0 10,00 10
ko.o el hz.oh 37 2.27 2 1.13 111.1% i P1s |
8.0 120 3666 44 0.83 1 Jo.00 @ 2.83 1
h.g 130 26.92 35 .61 & 1.5 2 1.53 2 0.76 1 0.76 1 1.30_ 3
0.0 165 18,78 11 P.21 2 1.21 2310.60 | 0.60 1
pierced 107 24,29 26 3.73 &4 bh.67 s |\ Bg__ 2 L8t 21 0.83% 1
untreated] 323 12.69 4l 0.92 3 Jo.30 _110.30 1 0.30 .} .30 1
SUMMARY - ALL DOSE LEVELS
5113 43.27 222 1.95 10 |p.s8 3 |0.19 ! 0.319 2 06.39 2 1.39 Z 0.78 4




TABLE &

TARTARIC ACID
In WATER
PROBIT AMALYSES - MORTALATY

Air Cell Yolk

& hrs 96 hrs 0 hrs 896 hrs
LD~30 NS 10.2 NS 32.5
(Range) (0.5 - 24.5) (5.9 ~ 91.4)
LD~50 NS 28.5 NS 133.5
{Range) (6.7 - 69.6) (53.0 - 2508.6)
LD-70 NS 70.9 NS G484
{Range) (35.0 - 531.2} (156.8 - 209998.8)
LD-50 KS gk, 1 NS 4217.6

(Range) {119.3 - 32173.7) {578.4 - ---)




TABLE 7

TARTARIC ACID
in WATER
CHI=SQUARE ANALYSES of ABNORMAL I TIES

Dose Leve! Alr Cell Yolk
mg/ky 0 hrs 96 hrs 0 hrs 96 hrs
k.0 0.28 1.36 .00 2.03
8.0 0.03 0.24 0.69 0,08
ko.0 0.907 0.10 .70 0.0l
- 80.0 ¢.00 0.21 8.01 0.08
125.0 - - 0.00 -
200.0 p.15 0.47 1.70 0.31
All Doses (DF} 2.30(3) 4.16(5) 7.31{6} 8.85(5)
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TABLE 9

TARTARIC ACID

in WATER
LHI-50UARE ANALYSES of HL3V ABNORMALITIES

Dose Level Air _Cell Yolk
mg/ kg 0 hrs 96 hrs 0 hrs 36 hrs
4.0 2.67 0.04 0.00 0.07
8.0 0.00 0.00 .01 0.24
40,0 0.00 0.10 0.68 0.31
80.0 2.18 8.21 0.01 0.08

125.0 - - 0. 00 -

200.0 1.39 0.47 1.70 0.09

Ali Doses ([DF) 9.43(5) 4.09(5} 6.67{6) 4.03(5}
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TARTARIC ATID in WATER
TERATOGEMIL FINDINGS

TOTAL NO. TOTAL MO, ’ SPECIFIC FINDINGS
.. TREATHENT £XAMENED ABHORMAL WO, - b E & € R 1 P T 1 o0 N
Untreated Control 373 3 I , hypopfgmentation-down
| ——
1 , anophthalmia~unilaterai; dysgrathia-beak
- L N VDU PN WSS S Spet SRS A
1 , dwarfism
— i . )
_ orilled Contral = 0 hrs Lo 0 1] 1
brilted Contra) - 96 hrs 48 2 2 agenesis~down
Pierced Contrel - 0 hrs 86 1 1 | abrormal curvatare-toe, unilateral
— . _— ] — ke T T
Pierced Contral ~ 96 bhrs 107 & 2 i celosomia-abdomen
e — - ] e
1 1 dysqnathia-beak
1 ' am-_n-;t_l:a'ldn;i a=unilateratl: dysgnathia-beak; malrotation-
- | hindilmh, . unilatecal —_ -
Air CalT - O hrs 200 .0 mg/kg 139 1 1 dysgnathia-beak; edoms
| ' abnormal curveature-tog, bilateral
} ol ——
i celosomia-abdomen
Bo.0 - 1a1 3 1 | celosomia-abdomen
) o ) ¥ ‘ anuﬁhthalmia-btlatera?; dysgnathia-beak; cefosomia-
e _— | abdomer, ... ..o e -
| _mLamnphihﬂlmiﬂ:unilﬂittﬂl;_ﬂiignaihla:hﬁﬂk______*__,__,
- L4o.0 78 2 ] 1 ) hemor r hage L
| 1 agenssis-down
- SRR V. TN b= S e
8.0 | oo } I hemorrhage i
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TABLE 10

TARTARIC ACID Tn WATER

TERATOGENIC FEINDINGS
TOTAL WO, TOTAL NO. -' SPECIFIL FINDINGS
TREATMENT EXAMINED ABNJOARMAL NO . - )] E 5 [ R f P T 1 i1 H
Untraated Control _ 323 3 1 J hypopigmentation=down
. - -] . A ... | pathihs —
] | angphthalmia-unl laterai; dysgnathia-beak
- I a - -
| | dwarfizm
e | e . —_
Drilled Controt - @ hrs Lo ] v :
orilled Control - 96 hrs 98 2 2 : agenes | s-down
Piarcad Control - 0 hrs |1B6 1 ¥ | abnormal curvature-toe, unilateral
— _— r —— -
Pierced Contral - 95 hrs 127 L 2 [ celasomia~abdomen
e | e . S
1 i dysgnathia-heak
o 1 ' anophtha-]"rr;i-awni laterat!; dysgnathia-beak; malretation-
! hindiimk,. unilatecal -
Air Cell - Q hrs 200 .0 mafkg 133 ] 1 , dysgnathia-bzak; edema
i ! ‘ abnarrr;a_*r ;u.rvature—tne, bilataral
I [ p— —-—— - =
1 celosomia-abdomen
do.0 ) ol 3 ! l celosomia-abdomen
1 angphthalmta-bilateral; dysgnathia-beak; celosomia-
- - S S S i apdomen . ___ .
.| ancphthatuia-unilateral; dysgoathia-heak ..
L4a.o 79 ki 1 | hemor rhage . B
. ! e L —
| 1 aqenas i s-down
- e S 4 o e -
B.0 l 1o | 1 hemor rhage ] _ B
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TABLE 10

TARTARIC ACID in WATER
TERATOGEMIL FINDINGS

TOTAL HO. TOTAL NO. ! SPECIFLE FIMDINGS
TREATMENT EXAMINED ABMORMAL WO, 1) E 5 £ R | P T 1 g L]
Kir Cell - 0 hrs 4.0 mglkg 126 5 ; . agenesis-head
# - l
1 | anophthalmia-unilateral; agenasis-eyelid, unilaterat
e L . o ——
2 X anophthalmia-unilateral; dysgnathla-beak
- T e m———
1 y dwarfizm
- } )
0.0 L2 3 1 i hypop | gmentatian-down
1 | agenes i s—down
! I hamorrhage-umbitical cord
s | i - Sl . -
‘Alr Cell - 96 hrs 200.0 mg/k 157 ! | dysgnathfa-beak
9 R | CYE9m - -
Bp.o 169 3 2, abnormal curvature-toe, BTlateral
) 1
I_ | crclc_»pia{three __e:.res}; acrania; dysgrathia-beaki
' ) : T malfarmat fon-twe mand [ BTES
J - e .
G4t 0 196 3 ; I celosomia-abdomen
| hehalmia-unilateral; anophthalmia-unilateral;
e e - - - ___.wgm&bﬂak = il —_
! L-dysgnathia-heak
e ! T
i
I IO R e . .
_ i -
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TABLE 10

TARTARIC ACI

D in WATER

TERATOGENIC FINDINGS

- T
TATAL HO. TOTAL NO, ! SPECIFIC FINDINGS
TREATHENT EXAMINED ﬂEHﬂHHﬁE M. 0 E 5 C R | [ T 1 4] M
Air Lall - 98 hrs 8.0 mg/kg __IE_#L 3 i edema

K - agenesis-down

) 4.0 129 5 f | dwarf sm o e o
N | 1 | cachexia .
1 1 ] cachexia; fusion failure-abdomen
. S S 4 1 _ ] 3bnormal curvature-toe, bllateral -
Cel - 0.0 162 1 J__|_celosomia-ahdomen )
Yolk - 0 hrs 0.0 o 188 |3 1 2 _ _:fencephaly_____“ L
! ] telusmia-abqulj
125.0 . NN S S NN O N e
BG.10 188 | | ! anophthalmia-bilateral: exencephaly; ayenesis-maxl!la
_ M. e 3 |2 __j_celosomia-abdomen _
e . L |cachexia e
8.0 L8 |2} 1} celosomia-abdomen
e | cachexia I
o _ b o 183 4] L 0 ]I _ L o I
T A | o o 4
[ e _
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TARTARILC ACID In WATER
TERATOGENIC FINDENGS

TOTAL WO. TOTAL MO. . SPECIFIC FINDINGS
___ TREATHENT EXAMIHED ABHORMAL WG, 0 E 5 [ R I3 p T | L N
Yolk = 96 hrs 200.0 mg kg 88 1 1 |, hypoplgmentation-dewn
Bo.o . BY B 1] 1] II ) o 3 .
L3.0 | 88 2 B : dwarfism L _ _
ol . _ ¥ ; exencepha_!j:_
o | e f 1_; cachexia ] -

. bo | 130 _ & 1 ce1usc:!r!i_a-abdmfrt )

L 1 l agenes f 5=down; edemna

3 | cachexia — .. — -
o 1 | fusion fallure - abdamen _
LI
0.t 165 z | | anophthalmlia-unilateral; microphthalmia-uni lateral:

dysgnathia-beak

1T ' celosomia-abdonen

——— o
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